Periprocedural variables Periprocedural data, including vascular access, pharmacological therapy, and angiographic results, are presented in TABLES 1 and 2. In the COPD group, radial access was more often used in patients with stable angina (SA) (P = 0.02), while it was used less frequently in those with ST -segment elevation MI (STEMI) (P = 0.03). Pharmacological treatment before hospitalization and during PCI is presented in hampers a conclusive comparison of the prevalence of COPD between different countries. The Global Initiative for Chronic Obstructive Lung Disease has established a definition of COPD for epidemiological purposes.
2 Early diagnosis is crucial to encourage smoking cessation, appropriate pharmacotherapy, and physical exercise. 4, 5 The diagnosis of COPD increases the risk of and mortality from cardiovascular diseases by an odds ratio of 2.7 and 1.68, respectively. 6 The prevalence of coronary artery disease (CAD) among patients with COPD is estimated at 10% to 23%, 7 while its incidence among patients undergoing PCI-at 2.4% to 10%. 8 - 11 A study on a group of 119 patients demonstrated that the real prevalence of COPD confirmed by spirometry in hospitalized patients with CAD is 34%, of which 87% had not been not previously diagnosed with COPD. 12 Therefore, the aim of the current study was to assess the impact of COPD on periprocedural outcomes of percutaneous coronary interventions (PCIs) and its relationship with clinical presentation and the type of coronary artery lesions in a large group of patients.
PATIENTS AND METHODS Study population, design, and definitions
We collected and prospectively analyzed national data on all patients who underwent PCI in Poland between January 2015 and December 2016. Data on PCI procedures were obtained from the Polish registry ORPKI (in Polish, Ogólnopolski Rejestr Procedur Kardiologii Inwazyjnej), which is coordinated nationwide by Jagiellonian University Medical College (Kraków, Poland) in cooperation with the Association of Cardiovascular Interventions of the Polish Cardiac Society. 13, 14 Although the ORPKI database is voluntary, the majority of all catheterization laboratories in Poland (98%) record their data in the registry. The Polish database has been continuously upgraded over consecutive years, and in 2016, it reached more than 250 clinical, procedural, and outcome variables, with more than 110 000 new PCI records added each year.
COPD was defined on the basis of a previously established diagnosis. 2 All indices recorded in the ORPKI database are derived from the periprocedural data provided by the operator after each procedure. Furthermore, we did not collect follow -up data after discharge. Periprocedural major adverse cardiac events (MACEs) were defined as the combination of all -cause death, myocardial infarction (MI), and cerebral stroke. The definition of MI was in line with the third universal definition of MI and remained at the descretion of the operator. 15 The Thrombolysis in Myocardial Infarction (TIMI) grade flow was used to estimate procedural TIMI effectiveness, and the treatment was considered effective when the TIMI flow grade 3 was obtained after the procedure. The study protocol was approved by an institutional review board. with the SA subgroup both in the COPD (P = 0.001) and non -COPD groups (P <0.001). The rate of de--novo lesions was higher in patients with SA compared with those with ACS only in the non -COPD group (P <0.001). The subgroups of patients with SA showed no significant differences in the rates of lesion type at baseline between the COPD and non -COPD groups. However, when comparing the ACS subgroups, the non-COPD group showed a higher rate of de -novo lesions (P = 0.03) and a lower rate of in -stent thrombosis (P = 0.008). We did not find significant differences in the rates of restenosis depending on the type of procedure (drug -eluting stenting, bare metal stenting, bioresorbable scaffold implantation, plain old balloon angioplasty, and drug -eluting balloon implantation) between the SA and ACS subgroups in the COPD group on admission. In the non -COPD group at baseline, restenosis after drug -eluting stent implantation was reported more frequently in patients with ACS (P = 0.06), while restenosis after bare metal stent implantation-in patients with SA (P = 0.01). There were also no significant differences in the frequency of a particular type of restenosis in the SA and ACS subgroups of patients between the COPD and non -COPD groups at baseline. Patients with SA underwent more CTO Specification of the culprit lesion The location of coronary atherosclerosis on angiography is presented in TABLE 3. There were 1549 patients with SA diagnosed before PCI in the COPD group (27.7%) and 59 503 patients with SA in the non -COPD group (27.6%). Patients with acute coronary syndrome (ACS) at baseline constituted 71.1% (n = 3980) of the COPD group and 71.3% (n = 153 967) of the non -COPD group.
At baseline, we recorded 1703 de -novo lesions (94.3%), 101 cases of restenosis (5.6%), and 1 case of in -stent thrombosis (0.05%) of the overall 1805 treated lesions among patients with SA presentation of CAD in the COPD group. In the non -COPD group of patients with SA diagnosed before PCI, there were 62 618 de -novo lesions (95.1%), 3192 cases of restenosis (4.8%), and 45 cases of in -stent thrombosis (0.06%). At baseline, the ACS subgroup of patients included 4411 patients with de--novo lesions (94%), 235 patients with restenosis (5%), and 45 patients with in -stent thrombosis (0.9%) in the COPD group, and 160 674 patients with de -novo lesions (94.7%), 7854 patients with restenosis (4.6%), and 1092 patients with in -stent thrombosis (0.6%) in the non -COPD group. The rate of in -stent thrombosis was higher at baseline in the ACS subgroup in comparison and Cx were performed more often in the MVD group, whereas PCI of the right coronary artery was more frequent in the SVD group (P <0.001). Periprocedural indices, including the type of the culprit lesion, PCI procedure, and stent according to the location, are presented in TABLE 3 .
After adjustment for the type of an implanted stent, there were no significant differences in the restenosis rate assessed before stent implantation between the COPD and non -COPD groups in the subgroups undergoing drug -eluting stent, bare metal stent, or bioresorbable scaffold implantation. However, we observed higher restenosis rates assessed before PCI in patients undergoing plain balloon angioplasty or drug -eluting balloon angioplasty when performed on the Cx (60% vs 28.5%, P = 0.03).
procedures (5.9% vs 4.3%, P = 0.01), bifurcations (7.9% vs 6.1%, P = 0.01), and rotablations (1.2% vs 0.3%, P <0.001) compared with those with ACS. At baseline, patients with ACS underwent PCI of the LMCA more often (5.2% vs 3.5%, P = 0.007) than those with SA. PCIs of CTO and bifurcated lesions was performed more often in men than in women (5.3% vs 3.4%, P = 0.002 and 7.2% vs 5.0%, P = 0.002, respectively), while thrombectomy occurred more often in women than in men (2.2% vs 3.4%, P = 0.01). PCIs of the LMCA and circumflex artery (Cx) were performed more often in patients with NSTEMI, while of the right coronary arteryin patients with STEMI (P <0.001). Bifurcations were treated with PCI more frequently in the MVD group compared with the SVD group (P <0.001). PCI of the LMCA, left anterior descending artery, and TABLE 1 Clinical presentation of coronary artery disease before percutaneous coronary intervention Considering the clinical presentation of CAD before PCI, the number of patients with NSTEMI was higher than that of patients with STEMI in the COPD group. There were no significant differences in the frequency of SA and unstable angina between the COPD and non -COPD groups (TABLE 1) .
Predictors of restenosis and in -stent thrombosis
The results of the multivariable analysis of predictors of restenosis and in -stent thrombosis performed for the whole study group are presented in FIGURES 2 and 3. The results of the multivariate analysis for the subgroup of patients with a history of PCI are presented in FIGURE 4A and 4B.
Predictors of multivessel disease To analyze the risk factors for the distribution of atherosclerotic lesions in the coronary arteries, we divided all patients into the groups of patients with SVD and those with MVD with or without LMCA involvement and separate LMCA involvement. The multivariable analysis of the predictors of atherosclerotic lesion distribution in the coronary arteries is presented in FIGURE 5.
DISCUSSION
The main finding of our study is that the incidence of COPD in patients undergoing PCI in Poland is 2.5% ; however, this result is likely to be underestimated. We also confirmed that patients with COPD have an increased incidence of proatherosclerotic risk factors. The third finding is that patients with COPD were characterized by an increased level of restenosis, in -stent thrombosis, and NSTEMI as a clinical presentation of CAD at baseline. The multivariable analysis confirmed that COPD was an independent
Periprocedural outcomes At baseline, there were more patients with TIMI flow grade 0 (18% vs 21%, P <0.001) and 1 (12.3% vs 13.5%, P = 0.007) in the non -COPD group compared with the COPD group, while the number of patients with TIMI flow grade 3 was lower (51.0% vs 46.5%; P <0.001). The percentage of patients with an occluded coronary artery at baseline (TIMI flow grades 0 and 1) was higher in the non -COPD group compared with the COPD group (34.5% vs 30.1%, P <0.001).
Although the proportion of patients with TIMI flow grade 3 before PCI was higher in the COPD group (51% vs 46.5%, P <0.001), the frequency of postprocedural TIMI flow grade 3 was higher in the non -COPD group (92.6% vs 94%; P <0.001), indicating a greater effectiveness of PCI (Δ = 47.5% in the non -COPD group and Δ = 41.6% in the COPD group). We also demonstrated that blood flow restoration assessed as TIMI flow grade 3 after the procedure was more common in patients with PCI of the left anterior descending artery (P = 0.001), mainly the proximal segment (P = 0.007) and Cx (P = 0.01), compared with the other arteries. Additionally, PCI effectiveness, expressed as the achievement of TIMI flow grade 3 after the procedure, was higher in patients with SA at baseline compared with those with ACS (97.8% vs 91.8%, P <0.001). It was also better in the NSTEMI group as compared with the STEMI group (88.1% vs 92.2%, P = 0.001).
The periprocedural mortality rate was similar between the COPD and non -COPD groups (0.53% vs 0.45%, P = 0.39). Also, the rate of periprocedural MI did not differ between the COPD and non -COPD groups (0.13% vs 0.12%, P = 0.88). TIMI flow grade 3 after the procedure, was significantly higher in the non -COPD group compared with the COPD group.
Incidence of chronic obstructive pulmonary disease and general characteristics of these patients A meta--analysis of studies on the general population, published between 1990 and 2004 and regarding the prevalence of COPD, revealed geographical disparities and differing methodologies.
16
The prevalence of COPD was estimated at 7.6%, independently of the defined diagnostic criteria.
predictor of an increased risk of restenosis in patients who had undergone PCI in the past or are currently referred for PCI, irrespective of the clinical presentation. Despite this, patients with COPD were initially more likely to be treated with aspirin, clopidogrel, and low -molecular -weight heparin. Additionally, MVD with or without LMCA involvement and separate LMCA involvement was diagnosed in patients with COPD more often compared with those without COPD. The effectiveness of PCI procedures in the overall group of patients undergoing PCI, assessed as the achievement of
FIGURE 2
Predictors of in -stent thrombosis in patients referred for percutaneous coronary intervention on admission Abbreviations: ACS, acute coronary syndrome; CI, confidence interval; OR, odds ratio; others, see TABLE 1 FIGURE 3 Predictors of restenosis in patients referred for percutaneous coronary intervention on admission Abbreviations: PCI, percutaneous coronary intervention; others, see mortality rates, higher rehospitalization rates, and poorer health status 1 year after MI. 11,25 These outcomes were attributed to the lower rates of guideline therapies prescribed at discharge. 25 The current results may be connected with a poorer awareness of smokers about the causes of their shortness of breath and therapeutic possibilities. Moreover, patients referred for PCI on admission often try to consciously conceal the signs of pulmonary diseases or diseases connected with smoking, such as COPD, as they fear the disapproval The prevalence of COPD increases with age.
17 In a retrospective study, in which COPD was identified by the International Classification of Diseases codes, the rate of COPD was 7.17% among patients undergoing PCIs. 18 It was demonstrated that the incidence of COPD varied between 2.4% and 10% in patients with SA, and between 5.3% and 15.6% in patients with ACS.
9,11,18-24 Patients with COPD treated with PCI showed a higher number of comorbidities and more often suffer from CAD. 25 They were also found to have higher conflicting results. 29-32 Similar results were described in patients with restenosis after carotid artery stenting. 33 One of the possible explanations is that smokers have a reduced sensitivity to restenosis, and the second is that smokers are more reluctant to seek medical attention despite recurrent angina. 34 The effect of smoking on MACEs is also controversial. Some investigators found that smoking increases the risk of MACEs, while others did not.
35-38
Another explanation of the increased rate of restenosis and in -stent thrombosis could be inadequate cardiac therapy due to poor compliance, as well as pulmonary therapy due to underdiagnosis resulting in hypoxia and further consequences leading to progression of atherosclerosis. Enriquez et al 25 demonstrated that patients with COPD were significantly less likely to receive β -blockers, aspirin, and statins at discharge after PCI. Since our registry does not include such data, we were unable to conduct this analysis. It was also reported that patients with COPD and ACS frequently show atypical presentation (mainly dyspnea) that could be misinterpreted as COPD exacerbations. 24 In addition, although COPD was associated with an older age and a worse cardiovascular risk profile, it was not independently associated with increased in -hospital mortality rates. However, it was linked to a higher incidence of chronic heart failure. 9 The clinical presentation may be attributed to a specific distribution of atherosclerosis and predominance of NSTEMI as a clinical presentation of CAD, which was confirmed in the present study. It was recently demonstrated that patients with an NSTEMI of the treating cardiologist. In conclusion, 2 issues should be highlighted as the main reason for the relatively low incidence of COPD in this group of patients, namely, low compliance of patients and insufficient awareness of the problem among physicians dealing with those patients in invasive cardiology units.
Culprit artery characterization and increased risk of repeat percutaneous coronary intervention
The current study confirmed that patients with COPD are characterized by greater risk of disseminated coronary atherosclerosis. The Gensini score increases in patients with a more advanced stage of COPD and is the highest at stage D.
26, 27 Additionally, we noted that patients with COPD presented significantly higher rates of re -stenosis and in -stent thrombosis, while those rates were lower in the case of de -novo culprit lesions before the PCI procedure. Similar observations were reported by Enriquez et al, 25 who noted that patients with COPD had a 30% higher risk of death and a 20% increased risk of undergoing repeat revascularization 1 year after PCI. The most reasonable explanation seems to be the increased number of smokers among patients with COPD and other proatherosclerotic risk factors. Apart from the fact that more cigarette smokers were found among patients with COPD, the disease itself is considered to be a prothrombotic state and may therefore increase the risk of restenosis and in--stent thrombosis. 28 In general, cigarette smoking is considered to be associated with the progression of CAD and restenosis following PCI. However, studies on patients with CAD have reported Periprocedural effectiveness In the current study, the periprocedural effectiveness assessed by the TIMI flow grade was poorer in patients with COPD compared with those without COPD. It was mainly related to the type of atherosclerosis. In the COPD group, we noticed a higher rate of MVD and LMCA disease as compared with the non -COPD group. Additionally, the main clinical presentation in the COPD group was NSTEMI, whereas the STEMI rate was higher in the non -COPD group. Furthermore, the higher rate of restenosis and in -stent thrombosis on admission in the COPD group negatively affected the effectiveness rate assessed by the TIMI score.
Limitations The ORPKI database does not specifically define restenosis and in -stent thrombosis, and the definitions are usually at the discretion of the operators. No independent angiographic core laboratory analysis was performed. The diagnosis of COPD was based on the previous diagnosis and was not updated by spirometry; however, on the other hand, it reflects the real incidence of COPD in the analyzed group of patients in the Polish population. The other significant limitation of the study is the lack of in -hospital perioperative care and follow -up data, which substantially decreases the quality of the study. However, we were unable to collect those data because we did not have access to patients' identification documents.
Conclusions Patients undergoing PCI are at an increased risk of disseminated atherosclerosis and LMCA involvement in comparison with individuals without COPD. Restenosis and in -stent thrombosis are more common, whereas de -novo lesions are less common in patients with COPD referred for PCI, as compared with those without COPD. COPD is an independent predictor of restenosis in patients with a history of PCI and currently referred for PCI. Coronary atherosclerosis in patients with COPD is more disseminated and tends to involve the LMCA more often when compared with patients without COPD. Patients with suspected COPD who are hospitalized in invasive cardiology units should receive special care in terms of the diagnosis and treatment of COPD, which may improve their long -term results after PCI in the future.
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